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SUMMARY TECHNICAL REPORT 
SNPO AND SNAP B I O L O G I C A L  STUDIES 

INTRODUCTION 

BNWL-182 

These s t u d i e s  were u n d e r t a k e n  p u r s u a n t  t o  a r e q u i s i t i o n  
[ c r o s s  s e r v i c e  o r d e r )  No. N62479/5034-0450 fo rwarded  v i a  t h e  
R i c h l a n d  O p e r a t i o n s  O f f i c e  of t h e  U.S. Atomic Energy Commission. 
T h i s  r e q u i s i t i o n ,  d a t e d  6 A p r i l  1965,  cove red  a work p e r i o d  o f  
6 mo and r e q u i r e d  submiss ion  of a summary t e c h n i c a l  r e p o r t .  

A s h a r p  d i s t i n c t i o n  can  n o t  be made between t h o s e  p h a s e s  
of o u r  i n v e s t i g a t i o n s  which were p r i m a r i l y  conce rned  w i t h  SNPO 
(Space N u c l e a r  P r o p u l s i o n  O f f i c e )  problems and t h o s e  p h a s e s  con-  
c e r n e d  w i t h  SNAP (Systems f o r  N u c l e a r  A u x i l i a r y  Power) problems 
b e c a u s e  t h e  o b j e c t i v e s  i n  e i t h e r  case were v e r y  s imilar .  The re -  
f o r e ,  we a r e  n o t  s e p a r a t i n g  t h i s  r e p o r t  i n t o  SNPO and SNAP sec-  
t i o n s .  
f e e d i n g  s t u d y  i s  p r i m a r i l y  r e l a t e d  t o  SNAP and t h e  s t u d i e s  w i t h  
t h e  Oak R i d g e - p r e p a r e d  s i m u l a t e d  f u e l  p a r t i c l e s  a r e  p r i m a r i l y  
r e l a t e d  t o  SNPO. The " l a r g e  p a r t i c l e "  i n h a l a t i o n  s t u d i e s  and t h e  
s o l u b i l i t y  s t u d i e s  c l e a r l y  have a p p l i c a t i o n  t o  b o t h  SNPO and 
SNAP p rob lems .  

However, i f  s u c h  d i s t i n c t i o n  i s  n e c e s s a r y ,  t h e  238Pu 

Our e x p e r i m e n t a l  work has  c o n s i s t e d  of  s e v e r a l  s e p a r a t e  
i n v e s t i g a t i o n s  which a r e  d e s c r i b e d  below.  I n  many i n s t a n c e s ,  
t h e s e  i n v e s t i g a t i o n s  a r e  s t i l l  c o n t i n u i n g  and f i n a l  c o n c l u s i o n s  
c a n n o t  b e  drawn. I n  a d d i t i o n  t o  t h e  e x p e r i m e n t a l  work d e s c r i b e d ,  
c o n s i d e r a b l e  e f f o r t s  were  expended i n  t h e  p r e p a r a t i o n  and r ev iew 
o f  r e p o r t s  o f  t h e  SNPO R a d i o l o g i c a l  Ef fec ts  Working Group. 

I n v e s t i g a t o r s  i n v o l v e d  w i t h  t h e  s p e c i f i c  problem a r e a s  a r e  
i d e n t i f i e d ;  o v e r a l l  d i r e c t i o n  o f  t h i s  e f f o r t  was s u p p l i e d  by 
D r .  Roy C .  Thompson. 
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" L a r g e - P a r t i c l e "  I n h a l a t i o n  S t u d i e s  

I n v e s t i g a t o r s :  D r .  B .  0 .  S t u a r t  
D r ,  W. J .  B a i r  
Dr. W. J .  C l a r k e  
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P r i o r  s t u d i e s  i n  " l a r g e  p a r t i c l e "  i n h a l a t i o n  have been  
u s u a l l y  concerned  w i t h  p a r t i c l e s  i n  t h e  s i z e  r ange  l e s s  t h a n  5 p .  

This  was due t o  t h e  g e n e r a l l y  h e l d  o p i n i o n  t h a t  l a r g e r  p a r t i c l e s  
would n o t  r each  t h e  a l e v e o l a r  lung  and would b e  r a p i d l y  and com- 
p l e t e l y  c l e a r e d  from t h e  upper  r e s p i r a t o r y  t r a c t .  Work w i t h  l a r g e r  
p a r t i c l e s  a l s o  i n v o l v e s  r a t h e r  s e v e r e  problems of s u s p e n s i o n  and 
sampl ing .  These l a r g e r  p a r t i c l e s ,  however ,  a r e  of  i n t e r e s t  t o  
SNPO and SNAP h a z a r d  e v a l u a t i o n  because  t h e y  a r e  p r e d i c t e d  t o  
o c c u r  i n  s i g n i f i c a n t  q u a n t i t i e s ,  and b e c a u s e  o n l y  t h e s e  l a r g e r  
p a r t i c l e s  a r e  a p t  t o  be s u f f i c i e n t l y  r a d i o a c t i v e  t o  c o n s t i t u t e  a 
s i g n i f i c a n t  h a z a r d .  

S t u d i e s  were per formed i n  f o u r  b e a g l e  dogs exposed  t o  a e r o s o l s  
o f  c e r a m i c  m i c r o s p h e r e s  l a b e l e d  w i t h  "Fe ( o b t a i n e d  from Minneso ta  
Mining and Manufac tu r ing  Company). Two o f  t h e  dogs were exposed  t o  
p a r t i c l e s  of 1 0  p ,  nominal  d i a m e t e r ,  and t h e  o t h e r  two dogs were 
exposed  t o  p a r t i c l e s  of 2 0  1.1, nominal  d i a m e t e r .  P a r t i c l e  s i z e  
a n a l y s i s  of  t h e  2 0  p m a t e r i a l  showed a c o u n t  median d i a m e t e r  of  2 6  U ,  

w i t h  a b o u t  1% o f  t h e  p a r t i c l e s  r a n g i n g  below 1 6  p ;  t h e  s m a l l e s t  s i z e  
obse rved  was 6 . 2  1 ~ . .  C o n s i d e r a b l e  d i f f i c u l t y  was e n c o u n t e r e d  i n  
o b t a i n i n g  uniform d i s p e r s i o n  of  t h e s e  l a r g e  p a r t i c l e s .  S p e c i a l l y  
d e s i g n e d  exposure  chambers were deve loped  which p roved  a d e q u a t e  f o r  
t h e s e  p a r t i c l e s  b u t  u n s a t i s f a c t o r y  i n  a t t e m p t s  t o  d i s p e r s e  50 u 
p a r t i c l e s .  

The d i f f i c u l t i e s  e n c o u n t e r e d  i n  t h e s e  p r e l i m i n a r y  e x p e r i m e n t s  
p r e v e n t e d  an a c c u r a t e  measurement of  t h e  t o t a l  q u a n t i t y  of  m a t e r i a l  
i n h a l e d .  The f r a c t i o n  o f  i n h a l e d  m a t e r i a l  which was i n i t i a l l y  
d e p o s i t e d  can t h e r e f o r e  o n l y  be rough ly  e s t i m a t e d  a t  between 2 and 
lo%, R e t e n t i o n  of  t h i s  i n i t i a l l y  d e p o s i t e d  m a t e r i a l  was f o l l o w e d  
by whole-body c o u n t i n g ,  by a n a l y s i s  of  e x c r e t a ,  and by a n a l y s i s  o f  

I- - 
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t i s s u e s  upon s a c r i f i c e  of one an imal  from each  group a t  2 mo p o s t -  
e x p o s u r e .  One-ha l f  t o  t h r e e - f o u r t h s  o f  t h e  i n i t i a l l y  d e p o s i t e d  
m a t e r i a l  w a s  c l e a r e d  w i t h i n  a few days p o s t e x p o s u r e ;  t h e r e a f t e r  
e x c r e t i o n  w a s  q u i t e  n e g l i g i b l e .  Twenty t o  30% of  t h e  i n i t i a l l y  
d e p o s i t e d  1 0  p a r t i c l e s  and from 30 t o  6 0 %  of t h e  2 0  p a r t i c l e s  
were s t i l l  r e t a i n e d  2 mo a f t e r  i n h a l a t i o n .  

' 6  

i 

i -  

I 

i 

- -. wnole-body s c a n n i n g  was accompl ished  by p a s s i n g  t h e  an imal  
t h r o u g h  an a r r a y  of  columnated c o u n t e r s .  For b o t h  1 0  p and 20 1.1 

p a r t i c l e s ,  t h e  m a j o r i t y  o f  t he  a c t i v i t y ,  immedia te ly  p o s t e x p o s u r e ,  
was l o c a l i z e d  i n  t h e  a r e a  of  t h e  lung  w i t h  s m a l l e r  amounts e x t e n d -  
i n g  from t h e  naso -pha rynx  th roughou t  t h e  t r a c h e a l  r e g i o n .  By 
4 h r  p o s t e x p o s u r e ,  a c t i v i t y  i n  t h e  head  and t h r o a t  r e g i o n s  had 
1ar .ge ly  d i s a p p e a r e d ;  b u t  a s p r e a d  of  t h e  " lung  peak" o v e r  t h e  
abdominal  a r e a  i n d i c a t e d  movement of  swallowed m a t e r i a l  t h rough  
t h e  g a s  t r o -  i n t e s  t i n a l  t r a c t .  By 2 4  h r  pos t e x p o s u r e ,  t h e  "abdominal 
s p r e a d "  had  d i s a p p e a r e d  and a c t i v i t y  was s h a r p l y  peaked i n  t h e  lung  
a r e a  where i t  remained,  e s s e n t i a l l y  und imin i shed ,  f o r  2 mo. 

Of t h e  t o t a l  a c t i v i t y  c o l l e c t e d  i n  t h e  e x c r e t a ,  70  t o  8 0 %  was 
e l i m i n a t e d  w i t h  t h e  f i r s t  d a y ' s  f e c e s ;  r e p r e s e n t i n g ,  w i t h o u t  d o u b t ,  
m a t e r i a l  removed from t h e  r e s p i r a t o r y  t r a c t  by c i l i a r y  e s c a l a t i o n  
and swal lowed.  
more t h a n  a h u n d r e d - f o l d  d u r i n g  t h e  f i r s t  1 0  days p o s t e x p o s u r e .  
E l i m i n a t i o n  of 59Fe i n  t h e  u r i n e  was i n i t i a l l y  a h u n d r e d - f o l d  lower 
t h a n  e l i m i n a t i o n  i n  t h e  f e c e s ,  and may w e l l  have been  even lower 
s i n c e  some c o n t a m i n a t i o n  w i t h  f e c e s  may have  o c c u r r e d  i n  c o l l e c t i n g  
t h e  u r i n e .  The r a t e  o f  e l i m i n a t i o n  i n  t h e  u r i n e  dropped l e s s  
r a p i d l y  t h a n  t h a t  i n  t h e  f e c e s  and d u r i n g  t h e  p e r i o d  from 1 0  days 
t o  2 mo p o s t e x p o s u r e  abou t  h a l f  a s  much a c t i v i t y  appea red  i n  t h e  
u r i n e  a s  i n  t h e  f e c e s .  During t h i s  p e r i o d  t h e  t o t a l  d a i l y  e x c r e -  
t i o n  amounted t o  no m o r e  than  a few t e n t h s  of a p e r c e n t  of  t h e  
a c t i v i t y  remain ing  i n  t h e  lung .  Because of  t h e  i n c r e a s i n g l y  s i g -  

n i f i c a n t  r o l e  of u r i n a r y  e x c r e t i o n  w i t h  t h e  t ime  p o s t e x p o s u r e  i t  

seems l i k e l y  t h a t  "Fe e x c r e t e d  a f t e r  t h e  f i r s t  few days r e p r e s e n t s  

The r a t e  o f  "Fe e l i m i n a t i o n  v i a  t h e  f e c e s  d e c r e a s e d  
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t h a t  which was l e a c h e d  from t h e  d e p o s i t e d  p a r t i c l e s  r a t h e r  t han  
removal o f  t h e  p a r t i c l e s  t h e m s e l v e s .  

Analyses  of t i s s u e s  t a k e n  from two an ima l s  s a c r i f i c e d  2 mo 
a f t e r  i n h a l a t i o n  of t h e  p a r t i c l e s  showed t h a t  p r a c t i c a l l y  a l l  o f  
t h e  "Fe was c o n f i n e d  t o  t h e  l u n g s .  
( 2 0  p t h i c k )  were t a k e n  of t h e  v a r i o u s  l o b e s  of  t h e  lung  t o  l o c a t e  
and i d e n t i f y  p a r t i c l e s  by a u t o r a d i o g r a p h y .  Twenty p a r t i c l e s  were 
obse rved  i n  6 4  m i c r o s c o p i c  s e c t i o n s  from t h e  dog t h a t  had  i n h a l e d  
2 0  1-1 m i c r o s p h e r e s ,  and 6 5  p a r t i c l e s  were o b s e r v e d  i n  78 s e c t i o n s  
from t h e  dog t h a t  had  i n h a l e d  1 0  1-1 m i c r o s p h e r e s .  There  was a 
t e n d e n c y ,  p a r t i c u l a r l y  a p p a r e n t  w i t h  t h e  2 0  p p a r t i c l e s ,  f o r  
p r e f e r e n t i a l  d e p o s i t i o n  i n  t h e  r i g h t  l u n g .  I n  most i n s t a n c e s ,  
p a r t i c l e s  were l o c a t e d  i n  t h e  deep l u n g ,  a d j a c e n t  t o  a l v e o l a r  w a l l s  
There  was a l s o  e v i d e n c e  on t h e  a u t o r a d i o g r a m s  o f  i o n i c  "Fe, no 
doubt  r e p r e s e n t i n g  a c t i v i t y  l e a c h e d  from t h e  m i c r o s p h e r e s .  

M u l t i p l e  t r a n s v e r s e  s e c t i o n s  

C o n c l u s i o n s :  These were p r e l i m i n a r y  e x p e r i m e n t s  i n v o l v i n g  o n l y  
f o u r  d o g s ,  two o f  which a r e  s t i l l  unde r  o b s e r v a t i o n .  Q u a n t i t a t i v e  
c o n c l u s i o n s  a r e  c l e a r l y  n o t  j u s t i f i e d .  However, c e r t a i n  v e r y  s i g -  
n i f i c a n t  q u a l i t a t i v e  o b s e r v a t i o n s  were made. P a r t i c l e s  a s  l a r g e  
a s  30  1-1 i n  d i a m e t e r  a r e  r e s p i r a b l e ,  as ev idenced  by d i r e c t  measure-  
ment i n  t i s s u e  s e c t i o n s .  These p a r t i c l e s  p e n e t r a t e  t o  t h e  a l v e o l l  
and a r e  t e n a c i o u s l y  r e t a i n e d .  Twenty t o  6 0 %  o f  i n i t i a l l y  d e p o s i t e d  
m a t e r i a l  i n  t h e  s i z e  r ange  o f  5 t o  30 1-1 was r e t a i n e d  f o r  2 mo 
p o s t e x p o s u r e ,  and t h e  v e r y  slow l o s s  of  a c t i v i t y  a f t e r  t h e  f i r s t  
few days seemed due t o  l e a c h i n g  o f  "Fe from t h e  p a r t i c l e s  r a t h e r  
t h a n  removal of  i n t a c t  p a r t i c l e s .  More work is  n e c e s s a r y  i f  i n f e r -  
ences  a r e  t o  be  drawn a s  t o  t h e  f r a c t i o n  o f  i n h a l e d  m a t e r i a l  i n i -  
t i a l l y  d e p o s i t e d ,  and i f  t h e  e f f e c t  o f  p a r t i c l e  s i z e ,  s h a p e ,  and 
d e n s i t y  on d e p o s i t i o n  and r e t e n t i o n  k i n e t i c s  i s  t o  be  u n d e r s t o o d ,  
F u t u r e  s t u d i e s  s h o u l d  a l s o  b e  p l a n n e d  t o  i n v e s t i g a t e  t h e  r e l a t i v e  
b i o l o g i c a l  consequences  o f  e x p o s u r e  o f  t h e  l u n g  t o  r a d i a t i o n  from 
a few l a r g e  p a r t i c l e s  as  compared t o  t h e  e f f e c t  o f  t h e  same r a d i a -  
t i o n  dose  m o r e  g e n e r a l l y  d i s t r i b u t e d .  
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M i n i a t u r e  Swine I n t r a g a s t r i c  and S k i n  Exposure S t u d i e s  

I n v e s t i g a t o r s :  D r .  J .  R .  McKenney 
D r .  R .  0. Shannon 
D r .  H .  A .  Ragan 

These s t u d i e s  employed s i m u l a t e d  r e a c t o r  f u e l  p a r t i c l e s  
o b t a i n e d  from t h e  H e a l t h  P h y s i c s  D i v i s i o n ,  Oak Ridge N a t i o n a l  
i a b o r a i u r y .  These p a r t i c l e s  were a b o u t  1 min i n  diai i ie ter  and 

c o n s i s t e d  o f  d e p l e t e d  uranium i n  a g r a p h i t e  m a t r i x .  They were 
s p i k e d  w i t h  89Sr  (added a s  c h l o r i d e ) .  
abou t  700 p C i  "Sr p l u s  40  FiCi  ''5, 

r a d / h r  a t  t h e  s u r f a c e  and 4 0 0 0  r a d / h r  a t  a t i s s u e  d e p t h  o f  
5 0  mg/cm . 

Each s o u r c e  c o n t a i n e d  
. Dose r a t e s  were 13 ,000  - g o y  

2 

G a s t r i c  mucosal exposures  were made u s i n g  i n t r a g a s t r i c  
b a l l o o n s  t o  which s i x  of  t h e  s o u r c e s  were cemented.  F a s t e d  swine  
were a n e s t h e t i z e d ,  p o s i t i o n e d  on t h e i r  backs  i n  a t r o u g h ,  and a 
d e f l a t e d  b a l l o o n  i n s e r t e d  th rough  t h e  mouth i n t o  t h e  s tomach.  The 
b a l l o o n  was t h e n  i n f l a t e d  w i t h  w a t e r  t o  i n s u r e  c o n t a c t  between t h e  
s o u r c e s  and t h e  g a s t r i c  mucosa. S imul t aneous  s k i n  e x p o s u r e s  were 
pe r fo rmed  w i t h  one s o u r c e  on e a c h  s i d e  o f  t h e  an imal  on t h e  l a t e r a l  
c u t a n e o u s  s u r f a c e  o f  t h e  abdominal w a l l .  Exposures  were e i t h e r  1 

o r  4 h r  i n  d u r a t i o n .  

A p a t c h y  c o n g e s t i o n  o f  t h e  mucosa was t h e  o n l y  g r o s s  change 
obse rved .  Th i s  appea red  i n  t h r e e  swine  s a c r i f i c e d  2 ,  3 ,  and 15  
days  f o l l o w i n g  t h e  1 h r  exposure  and i n  two swine  s a c r i f i c e d  1 and 
3 days  f o l l o w i n g  t h e  4 h r  exposure .  S i n c e  t h e  p r e c i s e  l o c a t i o n  and 
p r o x i m i t y  o f  t h e  s o u r c e s  t o  t h e  g a s t r i c  mucosa c o u l d  n o t  be  d e t e r -  
mined,  c o r r e l a t i o n  of  t h e  obse rved  c o n g e s t i o n  w i t h  t h e  p o s i t i o n  o f  
t h e  s o u r c e  was n o t  p o s s i b l e .  Foca l  l e s i o n s  were n o t  o b s e r v e d .  The 
c o n g e s t i o n  was a b s e n t  5 wk f o l l o w i n g  t h e  4 h r  e x p o s u r e .  No c o n g e s -  
t i o n  was o b s e r v e d  2 days f o l l o w i n g  1 h r  e x p o s u r e  o f  a c o n t r o l  a n i -  
mal t o  a b a l l o o n  w i t h o u t  a t t a c h e d  s o u r c e s .  

S k i n  e f f e c t s  were more pronounced .  A s l i g h t  l o c a l i z e d  e ry thema  
deve loped  1 5  t o  2 0  days  a f t e r  t h e  1 h r  e x p o s u r e .  A s l i g h t  e ry thema  
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was o b s e r v e d  immedia t e ly  f o l l o w i n g  t h e  4 h r  e x p o s u r e ;  a more 
s e v e r e  erythema deve loped  a f t e r  2 t o  3 wk, f o l l o w e d  by n e c r o s i s  
o f  an a r e a  about  3 mm i n  d i a m e t e r ;  and a c r u s t e d  u l c e r  appea red  
a f t e r  a b o u t  4 w k .  Hea l ing  o f  t h e  l e s i o n s  was s l o w ,  b e i n g  incom- 
p l e t e  a f t e r  1 0  wk. 

C o n c l u s i o n s :  These a r e  v e r y  l i m i t e d  and p r e l i m i n a r y  o b s e r v a t i o n s .  
The g r e a t e r  s e v e r i t y  of  t h e  s k i n  l e s i o n s  s u g g e s t  t h a t  e a r l y  
r e a c t i o n  o f  t h e  g a s t r i c  mucosa t o  p a r t i c u l a t e  r a d i o n u c l i d e  s o u r c e s  
would b e  l e s s  s e v e r e  t h a n  t h a t  of  t h e  b e t t e r  u n d e r s t o o d  and more 
e a s i l y  s t u d i e d  e f f e c t s  on t h e  s k i n .  IIowever, t h e  g a s t r i c  mucosal  
e x p o s u r e s  were l e s s  w e l l  c o n t r o l l e d  t h a n  t h e  s k i n  e x p o s u r e s .  D i s -  
p lacement  o f  t h e  s o u r c e s  a l o n g  t h e  mucosal  s u r f a c e  c o u l d  wel l  
accoun t  f o r  t h e  l ess  s e v e r e  and more d i f f u s e  r e a c t i o n .  The e x p e r i -  
men ta l  l i m i t a t i o n s  of  t h e  b a l l o o n  t e c h n i q u e  s u g g e s t  t h a t  a l t e r n a -  
t i v e  approaches  t o  t h i s  problem might  o f f e r  g r e a t e r  p romise  t h a n  
e f f o r t s  t o  r e f i n e  and e x t e n d  t h e  p r e s e n t  s t u d i e s .  
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I n g e s t e d  P a r t i c l e  S t u d i e s  i n  Rats 

I n v e s t i g a t o r s :  D r .  M .  F .  S u l l i v a n  

The same s i m u l a t e d  f u e l  p a r t i c l e s  1 mm d i a m e t e r ,  8 9 ~ r  
s p i k e d ,  d e s c r i b e d  i n  t h e  p r e v i o u s  s e c t i o n  were employed i n  t h i s  
s t u d y  w i t h  r a t s ,  These p a r t i c l e s  were a d m i n i s t e r e d  by i n t r a -  
g a s t r i c  i n t u b a t i o n ,  s i n g l y  o r  6 t o  1 0  p a r t i c l e s  a t  a t ime,  t o  
i n d i v i d u a l  r a t s .  The p a r t i c l e s  were r e c o v e r e d  from t h e  f e c e s  
and r e p e a t e d l y  r e u s e d .  S t u d i e s  were made o f  p a s s a g e  t i m e ,  
r a d i a t i o n  dose  t o  v a r i o u s  segments o f  t h e  g a s t r o i n t e s t i n a l  t r a c t ,  
and g r o s s  and h i s t o l o g i c a l  damage. The p a r t i c l e s  employed 
p roved  r a t h e r  u n s a t i s f a c t o r y  f o r  c e r t a i n  p u r p o s e s  of  t h e  e x p e r i -  
ments  because  of  t h e  pronounced t endency  € o r  l e a c h i n g  o f  t h e  
89Sr .  
r a t ,  t h e  measured s u r f a c e  dose was d e c r e a s e d  by abou t  50%.  The 
r a t e  o f  l e a c h i n g  was s u b s t a n t i a l l y  r educed  i n  s u b s e q u e n t  p a s s a g e s .  
T h i s  l e a c h i n g  s e r i o u s l y  compl i ca t ed  t h e  d o s i m e t r y  problem b u t  d i d  
n o t  a f f e c t  measurements  o f  pas sage  t i m e  o r  c e r t a i n  q u a l i t a t i v e  
c o n c l u s i o n s  r e g a r d i n g  h i s t o l o g i c a l  e f f e c t s .  

D r .  T .  J.  Mahoney 

Thus,  i n  t h e  f i r s t  pas sage  o f  t h e s e  p a r t i c l e s  t h r o u g h  a 

O f  2 1 5  p a r t i c l e s  a d m i n i s t e r e d  i n t r a g a s t r i c a l l y  and r e c o v e r e d  
from t h e  f e c e s ,  3 7  were e x c r e t e d  d u r i n g  t h e  f i r s t  day ,  118 on day 2 
4 1  on day 3 ,  11 on day 4 ,  and 8 on days  5 t h r o u g h  8 .  S i n c e  t h e  
normal  p a s s a g e  t i m e  f o r  t he  r a t  i s  o f  t h e  o r d e r  o f  15 t o  2 4  h r  i t  

i s  a p p a r e n t  t h a t  t h e s e  l a r g e  p a r t i c l e s  do show a t endency  t o  b e  
h e l d  up i n  t h e i r  p a s s a g e  th rough  t h e  t r a c t .  The r a d i o a c t i v i t y  o f  
t h e  p a r t i c l e s  f e d  on d i f f e r e n t  o c c a s i o n s  v a r i e d  w i d e l y  due t o  
l e a c h i n g  and  r a d i o a c t i v e  decay of  t h e  89Sr .  The re  was no i n d i c a -  
t i o n  t h a t  p r o l o n g e d  r e t e n t i o n  o f  a p a r t i c l e  was a s s o c i a t e d  w i t h  a 
h i g h  r a d i a t i o n  l e v e l .  

9 

I n  most o f  t h e s e  expe r imen t s  g l a s s  d o s i m e t e r s  were s u r g i c a l l y  
imp lan ted  a l o n g  t h e  g a s t r o i n t e s t i n a l  t r a c t .  I n t e r p r e t a t i o n  o f  t h e  
measured r a d i a t i o n  doses  was c o m p l i c a t e d  by t h e  knowledge t h a t  
e x t e n s i v e  l e a c h i n g  o f  "Sr was o c c u r r i n g .  H ighe r  t h a n  a v e r a g e  
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doses  were most f r e q u e n t l y  obse rved  i n  t h e  t e r m i n a l  c o l o n  and 
l e s s  f r e q u e n t l y  i n  t h e  cecum and s tomach.  Gross  symptoms o f  
g a s t r o i n t e s t i n a l  r a d i a t i o n  e f f e c t s  were u s u a l l y  o b s e r v e d  o n l y  
when g l a s s  d o s i m e t e r  r e a d i n g s  of  a s  much as 5 0 0  r a d s  were mea- 
s u r e d .  

H i s t o p a t h o l o g i c  e x a m i n a t i o n  p r o v i d e d  d e f i n i t e  e v i d e n c e  o f  
f o c a l  damage a t t r i b u t a b l e  t o  lodged  p a r t i c l e s .  O f  f o u r  a n i m a l s  
f e d  s i n g l e  p a r t i c l e s ,  t h r e e  e x h i b i t e d  such  f o c a l  l e s i o n s  i n  t h e  
s tomach,  cecum, and c o l o n  d e s p i t e  t h e  f a c t  t h a t  o n l y  a s m a l l  
f r a c t i o n  o f  t h e  t o t a l  t r a c t  was s e c t i o n e d  and ::xamined. Les ions  
o c c u r r e d  more f r e q u e n t l y  i n  an ima l s  t o  whom s e v e r a l  p a r t i c l e s  
were a d m i n i s t e r e d ,  These l e s i o n s  were s h a r p l y  l o c a l i z e d  and on 
c r o s s  s e c t i o n  d i d  n o t  accupy more t h a n  o n e - t h i r d  o f  t h e  mucosa l  
c i r c u m f e r e n c e .  Maximal involvement  was s e e n  i n  t h e  c e n t e r  o f  
t h e  l e s i o n  w i t h  a d e g r e e  o f  damage e q u i v a l e n t  t o  t h a t  p roduced  by 
1 5 0 0  R e x t e r n a l  X- ray .  I n  a r e a s  away from t h e s e  l e s i o n s ,  t h e  
mucosa appea red  normal .  Damaged a r e a s  were most f r e q u e n t l y  
o b s e r v e d  i n  t h e  dependent  g l a n d u l a r  s tomach ,  t h e  lower  i l e u m ,  
t h e  cecum, and t h e  c o l o n .  

The r e l a t i v e l y  h i g h  i n c i d e n c e  of  t h e  f o c a l  l e s i o n s  was s u r -  
p r i s i n g  s i n c e  one might  have e x p e c t e d  t h a t  t h e  p a r t i c l e s  would 
u s u a l l y  b e  imbedded w i t h i n ,  and s h i e l d e d  b y ,  t h e  i n t e s t i n a l  con-  
t e n t s .  
l a b e l l e d  p a r t i c l e s  d i s c l o s e d  t h a t  i n  n e a r l y  e v e r y  i n s t a n c e  t h e s e  
p a r t i c l e s  were l o c a t e d  a t  t h e  s u r f a c e  of  t h e  p e l l e t .  

Examinat ion  of  t h e  e x c r e t e d  f e c a l  p e l l e t s  c o n t a i n i n g  "Sr 

C o n c l u s i o n s :  Although per formed i n  t h e  r a t ,  t h e s e  e x p e r i m e n t s  may 
be q u a l i t a t i v e l y  a p p l i c a b l e  t o  man. They s u g g e s t  t h a t  ho ldup  of  
p a r t i c l e s  i n  t h e  i n t e s t i n a l  t r a c t  may pose  s i g n i f i c a n t  p rob lems ,  
i.e., t h a t  t h e  u s u a l  a s sumpt ions  r e g a r d i n g  p a s s a g e  t ime  may n o t  
b e  a p p l i c a b l e  t o  p a r t i c l e s .  Of  pe rhaps  g r e a t e s t  s i g n i f i c a n c e  i s  
t h e  i n d i c a t i o n  t h a t  t h e  p o s i t i o n  o f  t h e  p a r t i c l e  w i t h i n  t h e  lumen 
o f  t h e  i n t e s t i n e  i s  n o t  de t e rmined  by c h a n c e ,  b u t  t h a t  i t  may b e  
p r e f e r e n t i a l l y  l o c a t e d  a g a i n s t  t h e  w a l l  o f  t h e  i n t e s t i n e .  Thus 
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i t  may b e  n e c e s s a r y  t o  develop new models f o r  b o t h  r a t e  o f  p a s -  
age and d o s i m e t r y  c a l c u l a t i o n s  f o r  p a r t i c l e s  t r a v e r s i n g  t h e  g a s t r o -  
i n t e s t i n a l  t r a c t .  The e f f e c t  o f  p a r t i c l e  s i z e ,  s h a p e ,  and d e n s i t y  
need t o  be  f u r t h e r  e l u c i d a t e d .  Such i n f o r m a t i o n  may b e s t  be  
su rveyed  i n  s m a l l  a n i m a l s ,  b u t  f i n d i n g s  w i l l  need t o  be  checked 
i n  l a r g e  a n i m a l s ,  and ,  t o  t h e  e x t e n t  p o s s i b l e ,  i n  man. Observa-  
t i o n  o f  t h e  d e g r e e  and i n c i d e n c e  of f o c a l  damage a p p e a r s  t o  be  
t h e  most d i r e c t  approach t o  t h e  e v a l u a t i o n  o f  d e t a i l e d  p a r t i c l e  
movement th rough  t h e  t r a c t -  The use  o f  g l a s s  d o s i m e t e r s  i m p l a n t e d  
a l o n g  t h e  g a s t r o i n t e s t i n a l  t r a c t  o f  a l a r g e  a n i m a l ,  such  a s  t h e  
m i n i a t u r e  swine ;  t o g e t h e r  w i t h  n o n l e a c h i n g  r a d i o n u c l i d e - l a b e l e d  
p a r t i c l e s ,  s h o u l d  p r o v i d e  p e r t i n e n t  i n f o r m a t i o n .  
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Plutonium-238 SNAP Fuel  I n g e s t i o n  by M i n i a t u r e  Swine 

I n v e s t i g a t o r s :  D r .  V .  H .  Smith 
D r .  J .  L .  P a l o t a y  
D r .  B .  J .  McClanahan 
D r .  H .  A .  Ragan 
D r .  W .  J. C l a r k e  

A s i n g l e  p i g  was f e d  a mass ive  dose  ( a p p r o x i m a t e l y  1 C i )  o f  
238Pu SNAP f u e l  p a r t i c l e s .  
p roved  t o  b e  q u i t e  a major  u n d e r t a k i n g  b e c a u s e  o f  t h e  v e r y  l a r g e  
q u a n t i t y  o f  h i g h l y  r a d i o t o x i c  m a t e r i a l  i n v o l v e d ,  and b e c a u s e  o f  
t h e  marked p r o p e n s i t y  o f  t h i s  m a t e r i a l  t o  become a i r b o r r i e  d u r i n g  
any h a n d l i n g  o p e r a t i o n .  I n  t h e  p r o c e d u r e  which f i n a l l y  e v o l v e d ,  
t h e  Pu02 was added t h r o u g h  a b r a s s  f u n n e l  ( t o  a v o i d  s t i c k i n g )  t o  
a No. 4 g e l a t i n  c a p s u l e  c o n t a i n i n g  C a C 0 3 .  The f u n n e l  was r i n s e d  
i n t o  the c a p s u l e  with CaCo t h e  c a p s u l e  s e a l e d ,  and p l a c e d  i n  a 

N O .  1 g e l a t i n  c a p s u l e  c o n t a i n i n g  NaHC03. T h i s  c a p s u l e  complex 
d i s s o l v e d  and r e l e a s e d  t h e  c o n t e n t s  a f t e r  6 t o  8 min exposure  t o  
s i m u l a t e d  g a s t r i c  j u i c e  a t  37 ' C .  I r r a d i a t i o n  w i t h  5 0 , 0 0 0  
R 6oCo gamma r a y s  had  no e f f e c t  on c a p s u l e  f r a g i l i t y  o r  s o l u b i l i t y ,  
The CaC03 i n  t h e  i n n e r  c a p s u l e  k e p t  most o f  t h e  Pu02 from c o n t a c t  
w i t h  t h e  g e l a t i n  w a l l s ;  t h e  NaHC03 was u s e d  i n  t h e  o u t e r  c a p s u l e  
f o r  i n s u l a t i o n .  The c a p s u l e  was " s e a l e d "  i n t o  t h e  c a t h e t e r  w i t h  
a s u g a r - g l y c e r o l  m i x t u r e  (which does  n o t  h a r d e n ,  n o r  d i s s o l v e  t h e  
c a p s u l e )  and a f t e r  i n s e r t i o n  of  t h e  c a t h e t e r ,  pushed  o u t  i n t o  t h e  
p i g ' s  s tomach.  

Th i s  c o n c e p t u a l l y  s i m p l e  expe r imen t  

3' 

The SNAP f u e l  p a r t i c l e s  employed were s t a n d a r d  p r o d u c t i o n  
m a t e r i a l  o b t a i n e d  from Mound L a b o r a t o r y .  The p i g  was a 4 9 . 2  kg 
f ema le  Hanford M i n i a t u r e ,  which had  been  a c c l i m a t e d  t o  t h e  
me tabo l i sm cage  f o r  3 days  and was e a t i n g  n o r m a l l y .  T o t a l  u r i n e  
and f e c e s  c o l l e c t i o n s  and p e r i o d i c  b l o o d  samples  were o b t a i n e d  f o r  
1 4  days f o l l o w i n g  Pu02 f e e d i n g .  The p i g  was t h e n  s a c r i f i c e d  and 
t i s s u e s  a n a l y z e d .  Feces  were gamma-counted; a l l  o t h e r  samples  
were a l p h a - c o u n t e d  a f t e r  t r e a t m e n t  a c c o r d i n g  t o  s t a n d a r d  TTA 

e x t r a c t i o n  t e c h n i q u e s .  R e s u l t s  o f  t h e s e  a n a l y s e s  a r e  shown i n  
T a b l e s  I and 11. 



Day 

1 

T a b l e  I .  238Pu Content  o f  Feces ,  U r i n e ,  and Blood 

2 
3 

4 
5 
6 

7 
8 
9 

1 0  

11 
1 2  

1 3  
1 4  
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Fecesa (mci) 

no feces  
1 4 4  

69 

16 8 
54 
4 4  

125 
192 
1 5 1  

4 4  
4 
2 

2 
2 

Ur ine  (pCi)  

118  
1 0  

7 

1 4 4  
292 

1 6  

20 
4 
6 

1 4  
1 3  

9 

4 
8 

Bloodb ( n c i )  

78 
83 

293 
25 

1 0  

6 

4 

0 0 

a Normalized t o  a t o t a l  1 4  day e x c r e t i o n  o f  1 C i .  

Assuming 8% o f  body weight  i s  b l o o d .  

I 



. 

Lungs 0 . 0 8  0 .34  

Musclea 1 . 5  0 . 7 1  
S p l e e n  0 . 0 9  1 . 2  

Kidneys 0 . 1 0  1 . 0  
H e a r t  0 . 0 8  0 . 5 6  

L i v e r  0 . 3 1  0 . 4 3  
S k e l e t o n  0 . 2 5  0 . 1 2  

Lymph Nodes 
G a s t r i c  1 1 4 .  
Mesen t r i c  0 .37  
L .  s u p r a i n g u i n a l  1 3 .  
A o r t i c  0 . 1 0  

B r o n c h i a l  4 . 4  
L .  p r e f e m o r a l  8 . 4  
L .  p r e s c a p u l a r  2 2 .  
Ext .  i l i a c  3 . 0  

Assuming 4 2 %  of  body w e i g h t  i s  musc le .  a 

~ 
~~~~ 
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Tab le  11. 238Pu Con ten t  o f  T i s s u e s  a t  1 4  Days P o s t i n g e s t i o n  

C o n c e n t r a t i o n  
T i s s u e  Con ten t  ( n c i )  (pCi /g  w e t  w e i g h t )  
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I t  i s  a p p a r e n t  t h a t  t h e r e  was p r o l o n g e d  and e x t e n s i v e  h o l d -  
up o f  t h e  p a r t i c l e s  i n  t h e  i n t e s t i n a l  t r a c t .  S l i g h t l y  l ess  t h a n  
h a l f  o f  t h e  i n g e s t e d  a c t i v i t y  was e x c r e t e d  d u r i n g  t h e  f i r s t  6 

d a y s .  The r ema in ing  a c t i v i t y  was,  however ,  a l m o s t  t o t a l l y  
e x c r e t e d  d u r i n g  t h e  n e x t  5 days.  A t  a u t o p s y  t h e r e  w a s  no e v i d e n c e  
o f  h o t  s p o t s  i n  t h e  i n t e s t i n e s ,  which were c a r e f u l l y  s u r v e y e d  w i t h  

b imodal  p a t t e r n  of 238Pu e x c r e t i o n  i n  t h e  f e c e s  i s  i n t r i g u i n g .  
A r e l a t i o n s h i p  between t h e  p e r i o d  o f  h o l d u p  and  p a r t i c l e  s i z e  i s  
s u g g e s t e d .  E f f o r t s  w i l l  b e  made t o  s t u d y  t h e  d i s t r i b u t i o n  o f  
p a r t i c l e  s i z e s  i n  e a c h  days f e c a l  c o l l e c t i o n .  

a th in-window counter  sensitive tcr 238Pu x - r a y s .  The s9mewhat 

The t o t a l  238Pu r e c o v e r e d  i n  t h e  u r i n e  and  i n  t h e  t i s s u e s  a t  
s a c r i f i c e  amounted t o  2 x times t h e  amount f e d .  Over 98% o f  
t h i s  a b s o r b e d  p lu ton ium was r e c o v e r e d  from lymph nodes .  Such 
p redominan t  d e p o s i t i o n  o f  p lu ton ium i n  lymph nodes i s  n o t  a t y p i c a l  
o b s e r v a t i o n .  P lu tonium r e a c h i n g  t h e  b l o o d  stream i s  d e p o s i t e d  
p r e d o m i n a n t l y  i n  l i v e r  and bone. T h e r e f o r e ,  t h e  lymph node p l u t o -  
nium most l i k e l y  was abso rbed  i n  p a r t i c u l a t e  form v i a  t h e  lym- 
p h a t i c  s y s t e m .  
o n l y  abou t  3 x l o - ’  times the  amount o f  238Pu f e d  was t r u l y  s o l u -  
b i l i z e d  and a b s o r b e d  from t h e  g a s t r o i n t e s t i n a l  t r a c t  i n t o  t h e  
b l o o d  stream. 

I f  one d i s r e g a r d s  t h e  238Pu i n  lymph n o d e s ,  t h e n  

The 238Pu d e p o s i t e d  i n  lymph nodes may r e p r e s e n t  a small  
f r a c t i o n  o f  d u s t  accompanying l a r g e r  p a r t i c c l e s .  T h i s  d u s t  may, i n  
a s e n s e ,  b e  looked  upon a s  t h e  most haza rdous  component o f  t h e  mix- 
t u r e ,  b e c a u s e  i t  may b e  presumed t o  a c c o u n t  f o r  98% o f  t h e  i n t e r -  
n a l l y  d e p o s i t e d  p lu ton ium r e s u l t i n g  from t h i s  i n g e s t i o n .  From 
o t h e r  s t a n d p o i n t s  , however , i t  canno t  b e  c o n s i d e r e d  a r e a l l y  s i g -  
n i f i c a n t  h a z a r d  b e c a u s e  of  t h e  v e r y  small f r a c t i o n  d e p o s i t e d  
(2  x and because  lumph nodes may be  a r e l a t i v e l y  s a fe  p l a c e  
t o  d e p o s i t .  p l u t o n i u m .  I n  o t h e r  s t u d i e s  which we have pe r fo rmed ,  
i n h a l e d  p l u t o n i u m  d e p o s i t e d  i n  t h e  pulmonary lymph nodes of dogs 
h a s  n o t  been  o b s e r v e d  t o  t r a n s l o c a t e  t o  o t h e r  t i s s u e s  and h a s  n o t  
r e s u l t e d  i n  o t h e r  t h a n  loca l  damaging e f f e c t s .  
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D e s p i t e  t h e  v e r y  l a r g e  dose  o f  238Pu02 a d m i n i s t e r e d  and t h e  

r e l a t i v e l y  long  ho ldup  o f  t h e  m a t e r i a l  i n  t h e  g a s t r o i n t e s t i n a l  
t r a c t ,  t h e r e  was no g r o s s  p a t h o l o g y  e v i d e n t  on c l o s e  i n s p e c t i o n  
o f  t h e  t r a c t  a t  a u t o p s y .  H i s t o l o g i c a l  s e c t i o n s  were  t a k e n  b u t  
have n o t  y e t  been  examined. 

C o n c l u s i o n s :  The r e s u l t s  from one expe r imen t  i n  one p i g  can  
s c a r c e l y  b e  c o n s i d e r e d  d e f i n i t i v e  f o r  man. Conf i rma to ry  s t u d i e s  
a r e  c l e a r l y  d e s i r a b l e .  However, t h e  r e s u l t s  from t h i s  one p i g  1 

were s o  unequ ivoca l  as t o  l e a v e  l i t t l e  doubt  a s  t o  t h e  n e g l i g i b l e  
i n g e s t i o n  h a z a r d  from t h i s  m a t e r i a l .  The r e l a t i v e l y  enormous dose  
o f  1 C i  r e s u l t e d  i n  no g r o s s l y  e v i d e n t  damage t o  t h e  g a s t r o -  
i n t e s t i n a l  t r a c t ,  and t o  n e g l i g i b l e  d e p o s i t i o n  i n  t h e  p r o b a b l y  
most c r i t i c a l  o r g a n s ,  bone ,  and l i v e r .  Any c o n c e i v a b l e  h a z a r d  
from i n g e s t i o n  of  t h i s  m a t e r i a l  would c e r t a i n l y  be  f a r  ou tweighed  
by t h e  accompanying h a z a r d  o f  i n h a l a t i o n .  
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S o l u b i l i t y  K i n e t i c s  of  P a r t i c l e s  

I n v e s t i g a t o r :  D r .  V.  H .  Smith 

Some v e r y  p r e l i m i n a r y  s t u d i e s  have been  i n i t i a t e d  i n  t h i s  
area.  We have  developed  what a p p e a r s  t o  b e  a r e a s o n a b l e  s i m u l a n t  
f o r  human g a s t r i c  j u i c e .  The compos i t ion  o f  t h i s  s o l u t i o n  i s  
shown i n  T a b l e  111. T h i s  f o r m u l a t i o n  i s  b e i n g  employed a t  
USNRDL i n  s t u d i e s  o f  t h e  s o l u b i l i t y  o f  SNPO f u e l  e lement  mate- 
r i a l s .  

Table  111. Composition o f  S i m u l a t e d  G a s t r i c  J u i c e  

G a s t r i c  mucin 
P e p s i n  (3x c r y s t a l l i z e d )  
Ascorb id  a c i d  
Urea 
Uric a c i d  
K C 1  
CaC12.6H20 
N a C l  
S i a l i c  a c i d  (25 .5% a s s a y )  
Sodium g l u c u r o n a t e  
H C 1  

H2° 

360 mg 
1 mg ( %  3200 Hb u n i t s )  

1 mg 
3 mg 
1 mg 

150 mg 
40 mg 

280 mg 
29.2 mg ( 7 . 4  mg s i a l i c  a c i d )  

2 . 2  mg 
7.8 meq ( t o  g i v e  pH o f  1 . 0 )  

t o  t o t a l  volume o f  1 0 0  m l  

We are  working on a method o f  s o l u b i l i t y  measurement which w e  
hope w i l l  b e  a p p l i c a b l e ,  i n  a s t a n d a r d i z e d  f a s h i o n ,  t o  a wide 
v a r i e t y  of  p a r t i c l e s  and f l u i d s .  The method, as p r e s e n t l y  v i s u a l -  
i z e d ,  w i l l  d e a l  w i t h  s m a l l  numbers of p a r t i c l e s  h a n d l e d  on an 
e s s e n t i a l l y  i n d i v i d u a l  bas i s  w i t h o u t  i n t e r v e n t i o n  of  membranes o r  
f i l t e r s .  A c y l i n d r i c a l  t h e r m o s t a t  c o n t r o l l e d  chamber w i l l  be 
employed and w i l l  have  a f l a t  g l a s s  bo t tom t h r o u g h  which t h e  p a r -  
t i c l e s  may b e  o b s e r v e d  and photographed  f o r  measurement o f  p a r t i c l e  
s i z e  and shape  t h r o u g h o u t  t he  p e r i o d  o f  e q u i l i b r a t i o n .  No sys t em-  
a t i c  a p p l i c a t i o n  of t h i s  t e c h n i q u e  h a s  as y e t  been  a t t e m p t e d .  
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Gene ra l  Conclus ions  

The e x p e r i m e n t a l  r e s u l t s  d e s c r i b e d  i n  t h i s  r e p o r t  a r e  m o s t l y  
q u i t e  p r e l i m i n a r y  i n  n a t u r e .  They p r o v i d e  no f i n a l  answers  t o  
SNPO and SNAP h a z a r d  e v a l u a t i o n  p r o b l e m s ,  b u t  t h e y  do s u g g e s t  
some q u a l i t a t i v e  c o n c l u s i o n s  and d e m o n s t r a t e  t h e  means by which 
more d e f i n i t i v e  answers  may b e  s o u g h t .  

P a r t i c l e s  i n  t h e  5 t o  30 cl s i z e  r a n g e  a r e  r e s p i r a b l e  (by dogs)  
and canno t  be i g n o r e d  i n  e v a l u a t i o n s  o f  i n h a l a t i o n  h a z a r d s .  The 
1 0 0  t o  1 0 0 0  LI p a r t i c l e s  may b e  h e l d  up i n  t h e  g a s t r o i n t e s t i n a l  
t r a c t  ( o f  p i g s  and r a t s )  f o r  p e r i o d s  of  many d a y s .  P a r t i c l e s  w i t h i n  
the  c o n t e n t s  o f  t h e  lumen o f  t h e  g a s t r o i n t e s t i n a l  t r a c t  (o f  r a t s )  
c a n n o t  be assumed t o  be  randomly d i s t r i b u t e d .  I n  a s p e c i f i c  
i n s t a n c e ,  t h e  i n t e r n a l  d e p o s i t i o n  o f  2 3 8 ~ u  ( i n  a p i g )  f o l l o w i n g  
i n g e s t i o n  of  a mass ive  dose  o f  2 3 8 ~ u ~ 2  SNAP f u e l  p a r t i c l e s  was 
q u i t e  i n s i g n i f i c a n t ,  There was an - i n d i c a t i o n  t h a t  t h e  most h a z -  
a r d o u s  a s p e c t  of  t h e s e  p a r t i c l e s  may be  t h e  s m a l l  amount o f  v e r y  
f i n e  " d u s t "  a s s o c i a t e d  w i t h  them. A q u a n t i t a t i v e  a s s e s s m e n t  o f  
t h e  h a z a r d  i m p l i c a t i o n s  o f  a l l  t h e s e  v a r i o u s  o b s e r v a t i o n s  i n  terms 
o f  t h e i r  dependence on such  f a c t o r s  as p a r t i c l e  s i z e ,  s h a p e ,  com- 
p o s i t i o n ,  and d e n s i t y  w i l l  r e q u i r e  much more e x t e n s i v e  i n v e s t i g a -  
t i o n ,  

Also  r e l a t i v e l y  untouched  i n  t h e s e  p r e l i m i n a r y  s t u d i e s  was t h e  
problem o f  b i o l o g i c a l  e f f e c t s  t o  be  a n t i c i p a t e d  from p a r t i c u l a t e  
r a d i a t i o n  s o u r c e s .  Such e f f e c t s  p r e s e n t l y  must be  p r e d i c t e d  f rom 
o u r  more e x t e n s i v e  knowledge o f  t h e  e f f e c t s  o f  more g e n e r a l i z e d  
r a d i a t i o n  e x p o s u r e ,  L i t t l e  c o n f i d e n c e ,  however ,  can  b e  a t t a c h e d  t o  
such  p r e d i c t i o n s ,  and compara t ive  s t u d i e s  of  t h e  e f f e c t  o f  p o i n t  
s o u r c e  v e r s u s  e x t e n d e d  s o u r c e  i r r a d i a t i o n  a r e  b a d l y  needed .  Thls 
need  e x i s t s  s p e c i f i c a l l y  f o r  SNPO and SNAP problems o f  s k i n ,  Lung, 
and g a s t r o i n t e s t i n a l  t r a c t  i r r a d i a t i o n .  Both s h o r t  term and l o n g  
term e f f e c t s  s h o u l d  b e  i n v e s t i g a t e d .  
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